Docking of initial ligand SJ02
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Control Experiments
First, the unmodified Sepharose CL-4B column was tested with the crude mixture ( Figure S3a ).
It was observed that the recombinant antigen was predominantly in the flow-through and wash fractions. This suggested that even in a salt binding buffer concentration of 20 mM PIPES and 1.6 M ammonium sulphate, the recombinant antigen was not being bound non-specifically to the beads and eluted in the flow-through fractions. In addition, PEGDE 500 was coupled to the Sepharose CL-4B beads and cis-diol functionalised. The epoxide groups of the coupled PEG spacer were converted into cis-diol because the epoxides would interact with the free primary amine groups on the recombinant antigen in a ring-opening process. A similar behaviour was found for the PEG cis-diol functionalised packed column, where, ~73% of the HA (New Caledonia)-ferritin was observed in the flow through and binding fractions ( Figure S3b ).
However, some of the HEK HCP was seen in elution, presumably due to the high salt concentrations encouraging hydrophobic interactions between the PEG and the recombinant antigen along with HEK host cell protein (HCP) impurities. In the molecular modelling, it was suggested that the PEG spacer arm binds to the recombinant antigen; however, in this instance it could be due to the high salt increasing the probability of binding. The PEG cis-diol functionalised packed column, eluted to a purity of ~76% and yield of ~27%. Therefore, these results suggested that at 1.6 M ammonium sulphate concentration the PEG spacer arm binds and elutes HA (New Caledonia)-ferritin and the HCP impurities. 
Human embryonic kidney host cell protein (HCP) impurities
Samples were sent for MALDI mass spectrometry analysis of the HEK supernatant proteins ( Figure S4 ). It was evident that all the HCP impurities were derived from the human embryonic kidney cell line and indicating that the supernatant is free from other contaminants ( Table 1) .
The HCP impurities in elution fractions need to be minimised using the functionalised resins to obtain purified recombinant antigens. Figure S4 . SDS-PAGE of HCP impurities in the HEK supernatantof purified and spiked HA (New Caledonia)-Ferritin samples. Figure S7 . Capacity of SJ055-immobilised resins in increasing the ammonium sulphate concentration from 1.2M to 1.6M (a) In 20 mM PIPES and 1.2M ammonium sulphate wash buffer, breakthrough was observed for the 0.1 mg/mL load. (b) However, as the salt concentration increased to 1.6M and load remained the same to 0.1mg/mL, the salting effect adsorbed the antigen to the hydrophobic ligand and breakthrough was not observed in the wash fractions. (c) However, as the load increased to 0.25 mg/mL and the column became saturated, breakthrough was seen in the flow through and wash fractions. Legend for SDS-PAGE above, M: Marker (Pre-stained 10 kDa ladder), P: Purified HA (New Caledonia)-Ferritin (5 µg), S: Crude HEK HA (NC)-ferritin supernatant load (X mg/mL), FT: Column wash (20 mM PIPES, X M (NH4)2SO4), W: Column wash (20 mM PIPES, X M (NH4)2SO4), EX: Gradient elution fraction to 20 mM PIPES, R: Regeneration fraction.
